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(54) MAGNETIC TUNNEL JOINING SENSOR AND DISK DRIVING SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic tunnel joining (MTJ) 
device having an antiferromagnetic (AFM) layer and used as a magnetic 
sensor in a magnetic disk drive or a memory cell in a magnetic random 
access array. 

SOLUTION: Magnetic tunnel joining in a sensor 400 includes the stacked 
formation layer of MTJ sensor stripes 403 formed on a first shield 460. 
This layer is composed of an AFM layer 430, a pin retaining ferromagnetic 
layer 420 exchange-biased with the AFM layer so as to prevent the 
rotation of magnetic moment under an applied magnetic field, a free 
ferromagnetic layer 410 having magnetic moment rotatable under the 
applied magnetic field, and an insulating tunnel barrier layer 415 disposed 
between the pin retaining layer and the free layer. The MTJ sensor stripe 
is formed by a parallel side edge part, and the front and rear edge parts of 
an air bearing surface ABS. The pin retaining layer is extended from the 
ABS to the tip of the rear edge part of the AFM layer, and brought into 
contact with the first shield, and a path is provided for passing a detected 
current to the tunnel joined layer by bypassing the electric insulating AFM 
layer. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magnetic tunnel junction (MTJ) sensor characterized by providing the following A substrate The 1st shield 

(SI) of a ferromagnetic material formed on a substrate The two side edge sections which are formed on said 1st shield, 

have a rectangle configuration generally, and counter, It has the trailing-edge section and the first transition section. 

Namely, an antiferromagnetism (AFM) layer of an electric insulation antiferromagnetism material, A magnetic tunnel 

junction (MTJ) sensor stripe containing a pinning layer of a ferromagnetic material which contacts said AFM layer and 

contacts said 1st shield electrically, a free layer of a ferromagnetic material, and a tunnel junction layer of an electrical 

insulation material arranged between said pinning layers and said free layers An insulating layer which is formed on 

said MTJ sensor stripe, is formed in the point of the trailing-edge section of the side in which said MTJ sensor stripe on 

the 2nd shield (S2) of a ferromagnetic material in contact with it and the 1st shield counters, and said MTJ sensor stripe 

on said pinning layer, and separates said the 1st shield and said pinning layer from said 2nd shield 

[Claim 2] A MTJ sensor according to claim 1 by which said AFM layer is manufactured from NiO. 

[Claim 3] A MTJ sensor according to claim 1 by which said insulating layer is manufactured from aluminum 203. 

[Claim 4] A MTJ sensor according to claim 1 by which said 1st shield is manufactured from nickel-Fe. 

[Claim 5] A MTJ sensor according to claim 1 by which said 2nd shield is manufactured from nickel-Fe. 

[Claim 6] A signal detecter, a current source which supplies detection current, and the 1st electrical connection which 

connects said 1st shield to a current source and a signal detecter, It has further the 2nd electrical connection which 

connects said 2nd shield to a current source and a signal detecter. An electric lead which detects electric resistance over 

detection current to which said 1st and 2nd shields flow the inside of a tunnel barrier layer and a free layer 

perpendicularly is offered. A MTJ sensor according to claim 1 which has it barred that a flow of said detection current 

carries out splitting to the surroundings of said MTJ sensor stripe by said insulating layer. 

[Claim 7] A MTJ sensor according to claim 1 by which said AFM layer is manufactured from alpha-Fe 203/NiO. 

[Claim 8] A magnetic tunnel junction (MTJ) sensor which detects data magnetically recorded on a magnetic-recording 

disk characterized by providing the following, and said magnetic-recording disk A substrate The 1st shield (SI) of a 

ferromagnetic material formed on a substrate The two side edge sections which are formed on said 1st shield, have a 

rectangular configuration generally, and counter, It has the trailing-edge section and the first transition section. Namely, 

an antiferromagnetism (AFM) layer of an electric insulation antiferromagnetism material, A magnetic tunnel junction 

(MTJ) sensor stripe containing a pinning layer of a ferromagnetic material which contacts said AFM layer and contacts 

said 1st shield electrically, a free layer of a ferromagnetic material, and a tunnel junction layer of an electrical insulation 

material arranged between said pinning layers and said free layers An insulating layer which is formed on said MTJ 

sensor stripe, is formed in the point of the trailing-edge section of the side in which said MTJ sensor stripe on the 2nd 

shield (S2) of a ferromagnetic material in contact with it and the 1st shield counters, and said MTJ sensor stripe on said 

pinning layer, and separates said the 1st shield and said pinning layer from said 2nd shield 

[Claim 9] A disk drive system according to claim 8 by which said AFM layer is manufactured from NiO. 

[Claim 10] A disk drive system according to claim 8 by which said insulating layer is manufactured from aluminum 

203. 

[Claim 1 1] A disk drive system according to claim 8 by which said 1st shield is manufactured from nickel-Fe. 
[Claim 12] A disk drive system according to claim 8 by which said 2nd shield is manufactured from nickel-Fe. 
[Claim 13] A signal detecter, a current source which supplies detection current, and the 1st electrical connection which 
connects said 1st shield to a current source and a signal detecter, It has further the 2nd electrical connection which 
connects said 2nd shield to a current source and a signal detecter. An electric lead which detects electric resistance over 
detection current to which said 1st and 2nd shields flow the inside of a tunnel barrier layer and a free layer 
perpendicularly is offered. A disk drive system according to claim 8 which has it barred that a flow of said detection 
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current carries out splitting to the surroundings of said MTJ sensor stripe by said insulating layer. 

[Claim 14] A disk drive system according to claim 8 by which said AFM layer is manufactured from alpha-Fe 

203/NiO. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the magnetic storage system which built into 
details the magnetic tunnel junction sensor and such a sensor which have an electric insulation antiferromagnetism layer 
about the magnetic tunnel junction converter for generally reading an information signal in a magnetic medium. 
[0002] 

[Description of the Prior Art] The computer contains the auxiliary storage unit which has data medium which can read 
data in many cases, in order to be able to write in data and to use it later. The rotating magnetic disk is incorporated and, 
generally the direct access storage device (disk drive) which memorizes data in a magnetic form on the disk surface is 
used. Data is recorded on this cardiac truck estranged to radial [ on the disk surface ]. In that case, the magnetic head 
containing a read sensor is used and data is read in the truck on the disk surface. 

[0003] In the mass disk drive, since the magnetic-reluctance (MR) read sensor generally called MR sensor can read data 
in the surface of a disk with larger track density and linear density than a thin film induction arm head, it is a 
mainstream read sensor. MR sensor detects a magnetic field by change of the resistance of MR detection layer (called 
"MR element" and "MR element") according to the reinforcement and the direction of magnetic flux which were 
detected by MR layer. 

[0004] The conventional MR sensor operates based on the anisotropy magnetic-reluctance (AMR) effect that resistance 
of MR element changes according to the square of the cosine of the angle between magnetization of MR element, and 
the direction of the sense current which flows the inside of MR element. The recorded data can be read in a magnetic 
medium. This is for the direction of magnetization of MR element to change with the external magnetic fields (signal 
magnetic field) from the recorded magnetic medium, for resistance of MR element to change as a result, and for the 
current or voltage detected according to it to change. 

[0005] MR sensor of other types is a huge magnetic-reluctance (GMR) sensor in which the GMR effect is shown. By 
the GMR sensor, resistance of MR detection layer changes according to spin dependency migration of the conduction 
electron between the magnetic layers separated by the non-magnetic layer (spacer), and spin dependency dispersion 
which takes place the boundary of a magnetic layer and a non-magnetic layer, and inside a magnetic layer along with it. 
[0006] The GMR sensor which used only two layers of the ferromagnetic material (for example, nickel-Fe) separated by 
the layer of a non-magnetic material (for example, copper) is called S V sensor in which the spin bulb (SV) effect is 
generally shown. 

[0007] The SV sensor 100 of the conventional technology including the edge fields 104 and 106 divided into drawing 1 
by the central field 102 is shown. Generally magnetization of the 1st ferromagnetic layer called the pinning layer 120 is 
fixed by switched connection with the antiferromagnetism (AFM) layer 125 (pinning). It cannot be fixed, but 
magnetization of the 2nd ferromagnetic layer called the free layer 110 can answer a magnetic field (signal magnetic 
field) from the recorded magnetic medium, and can be rotated freely. The free layer 1 10 is separated from the pinning 
layer 120 by nonmagnetic and the electric conduction spacer layer 1 15. The hard bias layers 130 and 135 formed into 
the edge field 104 and 106, respectively provide the free layer 1 10 with lengthwise direction bias. The lead wire 140 and 
145 formed on the hard bias layer 130 and 135, respectively offers the electrical connection which detects resistance of 
the SV sensor 100. The GMR sensor which operates based on the SV effect is indicated by U.S. Pat. No. 5206590 of 
IBM given to Dini (Dieny) who becomes a part of this invention by reference. 

[0008] The magnetic device of other types under current development is a magnetic tunnel junction (MTJ) device. A 
MTJ device is applicable as a memory cell and a magnetic field sensor. The MTJ device contains two ferromagnetic 
layers separated by the thin electric insulation tunnel barrier layer. A tunnel barrier layer is so thin that the quantum- 
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mechanical tunnel effect of a charge carrier happens between ferromagnetic layers enough. A tunnel effect process is an 
electron spin dependency, and, as for this, the tunnel effect current on cementation means changing with the relative 
orientation of the magnetic moment of two ferromagnetic layers, or the directions of magnetization depending on the 
spin dependency electronic property of a ferromagnetic material. By the MTJ sensor, the magnetic moment of one 
ferromagnetic layer is fixed, and the magnetic moment of the ferromagnetic layer of another side can answer an external 
magnetic field (signal magnetic field) from a record medium, and can be rotated freely. When potential is applied 
between two ferromagnetic layers, resistance of a sensor changes with the tunnel effect current on the insulating layer 
between the ferromagnetic layer. Since the tunnel effect current which flows perpendicularly depends for the inside of a 
tunnel barrier layer in the relative magnetization direction of two ferromagnetic layers, the recorded data can be read in 
a magnetic medium. This is for the direction of magnetization of a free layer to change with signal magnetic fields, for 
resistance of a MTJ sensor to change as a result, and for the current or voltage detected according to it to change. The 
MTJ sensor which operates based on the magnetic tunnel junction effect is indicated by U.S. Pat. No. 5650958 of IBM 
given to Gallager (Gallagher) from whom the whole becomes a part of this invention by reference. 
[0009] The conventional MTJ sensor 200 which contains the 1st electrode 204, 2nd electrode 202, and tunnel barrier 
layer 215 in drawing 2 is shown. The 1st electrode 204 contains the pinning layer (pinning ferromagnetism layer) 220, 
the antiferromagnetism (AFM) layer 230, and the seed layer 240. Magnetization of the pinning layer 220 is fixed by 
switched connection with the AFM layer 230. The 2nd electrode 202 contains the free layer (free ferromagnetism layer) 
210 and the cap layer 205. The free layer 210 is separated from the pinning layer 220 by the nonmagnetic electric 
insulation tunnel barrier layer 215. When there is no external magnetic field, magnetization of the free layer 210 has 
turned to the direction shown by the arrow head 212, namely, is right-angled to the magnetization direction of the 
pinning layer 220 generally shown by the arrow head 222 (the tail of an arrow head points out space). The 1st lead wire 
260 and 2nd lead wire 265 which contacted the 1st electrode 204 and the 2nd electrode 202, and were formed, 
respectively give electrical connection for detection current Is to flow from a current source 270 to the MTJ sensor 200. 
The signal detecter 280 which generally contains record channels, such as a partial response maximum ** (PRML) 
channel connected to the 1st lead wire 260 and 2nd lead wire 265, detects change of resistance resulting from change 
produced in the free layer 210 by the external magnetic field. 

[0010] A right-angled cross section is shown in drawing 3 to the air bearing side of the MTJ sensor 200 of the 
conventional technology. The MTJ sensor 200 is prolonged to the trailing-edge section 292 which the sensor strip 290 is 
included, and the sensor stripe 290 has the first transition section 291 at the place of ABS, and was demarcated by the 
trailing-edge section of the tunnel barrier layer 215 from ABS. Lead wire 260 and 265 offers electrical connection for 
detection current Is to flow in the right-angled direction to the tunnel barrier layer 215. The electric insulation layer 250 
prevents detection current carrying out splitting to the surroundings of the tunnel barrier layer of the trailing-edge 
section 292 of the sensor stripe 290. 

[001 1] By the MTJ sensor, since detection current flows in the right-angled direction to a tunnel barrier layer, high 
electrical conductivity is moderately needed about all the layers arranged between lead- wire layers except for a tunnel 
barrier layer. One of the layers of these is an AFM layer used since the magnetization direction of a ferromagnetic 
pinning layer is fixed. Mn-Fe is an antiferromagnetism magnet which has the good electrical conductivity currently used 
by the former MTJ sensor. However, the corrosion resistance of Mn-Fe which is the concerns in a manufacturing 
process is inadequate, and in order to obtain the long-term stability of a MTJ sensor in disk drive environment, it is not 
desirable. Although the alternative AFM materials which have high corrosion resistance are NiO and a 203/NiO double 
layer of alpha-Fe, these AFM materials do not give the path for flowing in the right-angled direction to the tunnel barrier 
layer in which it is electric insulation, therefore detection current has the usual MTJ sensor structure between lead wire. 
[0012] The method of manufacturing the structure of the MTJ sensor which can use electric insulation AFM materials, 
such as NiO which has high corrosion resistance, and alpha-Fe 203/NiO, and the MTJ sensor which has this structure is 
required for the pinning layer used since magnetization of a pinning layer is fixed. 
[0013] 

[Problem(s) to be Solved by the Invention] A one division target of this invention is indicating the magnetic-reluctance 
tunnel junction (MTJ) sensor which has an electric insulation AFM layer. 

[0014] Other purposes of this invention are indicating the MTJ sensor which has the AFM layer manufactured from 
NiO. 

[0015] Other purposes of this invention are indicating the MTJ sensor which has the pinning layer structure which 
contacts electrically magnetic shielding which uses an electric insulation AFM layer and also carries out the duty of an 
electric lead. 
[0016] 
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[Means for Solving the Problem] According to the principle of this invention, a MTJ sensor containing a MTJ sensor 
stripe which has a rectangular configuration generally, and the two side edge sections which counter, i.e., the trailing- 
edge section on the surface of ABS, and the first transition section is indicated. A sensor stripe contains a stack of a 
layer containing an AFM layer of NiO and an anti-insulation ferromagnetism material. A ferromagnetic pinning layer 
made to adhere on an AFM layer contacts electrically the 1st ferromagnetic shield behind the trailing-edge section (edge 
which counters the first transition section of a stripe of an air bearing side) of a MTJ sensor stripe, and gives a path for 
detection current to bypass an electric insulation AFM layer. In that case, detection current crosses a tunnel barrier layer 
and a free layer of a MTJ sensor stripe from a pinning layer, and even the 2nd ferromagnetic shield which carries out a 
duty of the 2nd electric lead of a MTJ sensor flows. 

[0017] A MTJ sensor contains a seed layer, an AFM layer, a pinning ferromagnetism layer, a tunnel barrier layer, a free 
ferromagnetism layer, and a cap layer made to adhere one by one on the 1st shield, after making a seed layer and an 
AFM layer adhere, it demarcates by photolithography so that it may have the AFM trailing-edge section to which the 
trailing-edge section of a sensor stripe extends an AFM layer previously. A pinning ferromagnetism layer is made to 
adhere on the 1st shield which contacts electrically the 1st shield on an AFM layer and the AMF trailing-edge section. 
Subsequently, a tunnel barrier layer, a free layer, and a cap layer are made to adhere one by one, by photolithography, 
pattern formation is carried out and a MTJ sensor stripe is formed. Subsequently, an electric insulation layer is made to 
adhere on the whole MTJ sensor field. Subsequently, a photoresist which has covered a MTJ sensor stripe is removed 
and the 2nd shield of a ferromagnetic material which contacts the 2nd electrode of a MTJ sensor stripe electrically is 
made to adhere on a MTJ sensor. 

[0018] With MTJ sensor structure of this invention, the 1st and 2nd ferromagnetic shield layers offer an electric lead for 
performing magnetic shielding from stray magnetic field as known for this technical field, and supplying detection 
current to the 1st and 2nd electrodes of a MTJ stack, respectively. Since an AFM layer used with this operation gestalt is 
electric insulation, when the 1st shield and pinning layer contact directly at the point of the trailing-edge section of a 
sensor stripe, a detection current path to the 1st electrode of a MTJ sensor is given. An electric insulation layer of a 
material of an edge field of a MTJ sensor and the trailing-edge section of a sensor stripe prevents a flow of detection 
current carrying out splitting to the surroundings of a tunnel barrier layer between the 1st shield and the 2nd shield. 
[0019] In the following drawings, the same reference number shows all the same or similar components. 
[0020] 

[Embodiment of the Invention] The following explanation is the best operation gestalten considered now for carrying 
out this invention. This explanation does not limit the concept of this invention which carries out for accumulating and 
carries out a patent claim on these specifications explaining the general principle of this invention. 
[0021] Next, reference of drawing 4 and drawing 5 shows the disk drive 300 which carries out this invention. As shown 
in drawing 4 and drawing 5 , at least one pivotable magnetic disk 3 12 is supported on a spindle 314, and rotates by the 
disk drive motor 3 1 8. Magnetic-recording data medium on each disk has the form of the annular pattern of this cardiac 
data track on a disk 312 (not shown). 

[0022] At least one slider 3 13 is located on a disk 312, and is supporting the magnetic read / write head 321 of one or 
more [ slider / 313 / each ]. The arm head 321 has incorporated the MTJ sensor of this invention. If a disk rotates, a 
slider 313 can move to the radial inside and an outside on the disk surface 322, and, thereby, can access an arm head 

321 at the portion from which the disk with which desired data is recorded differs. Each slider 313 is attached in an 
actuator arm 319 by the suspension 315. A suspension 315 gives few spring force which carries out bias of the slider 
313 to the disk surface 322. Each actuator arm 319 is attached in an actuator 327. The actuator shown in drawing 4 and 
drawing 5 also has the thing of a voice coil motor (VCM). VCM contains the coil which can move in the magnetic field 
of immobilization, and the direction and speed of a motion of a coil are controlled by the motor current signal supplied 
by the controller 329. 

[0023] Air bearing arises by working [ of a disk memory system ], and rotation of a disk 312 between the disk surfaces 

322 which apply the upward force or lift to a slider 3 1 3 (the surface of the slider 3 1 3 which counters the surface of a 
disk 312, including an arm head 321 is called an air bearing side (ABS)), and a slider. Therefore, air bearing supports 
few spring force of a suspension 3 1 5 to phase murder, and supports a slider 3 13 up slightly from the disk surface at a 
fixed gap on small parenchyma in normal operation. 

[0024] Various components of a disk memory system are controlled by control signals generated by the control unit 
329, such as an access-control signal and an internal clock signal, working. Generally, the control unit 329 contains the 
logic-control circuit, the storage chip, and the microprocessor. A control unit 329 generates the control signal for 
controlling various system behavior, such as a drive-motor control signal on a line 323, and a head position signal on a 
line 328, a seeking control signal. The control signal on a line 328 gives the current profile of the request for moving a 
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slider 3 1 3 to the data track of the request on a disk 3 1 2 the optimal, and positioning it. Read and a write-in signal are 
transmitted between read / write head 321 by the record channel 325. 

[0025] Drawing 4 and drawin g 5 of the typical above-mentioned explanation of a magnetic-disk storage system and 
attachment are only a thing for presentation. A disk memory system can contain many disks and actuators, and, 
probably, it will be clear that each actuator's some sliders can be supported. 

[0026] The outline cross section of the read / write head 321 which carries out this invention which includes a MTJ read 
head location and an induction write head location in drawing 5 is shown. The lap of the arm head 321 is carried out, 
and it forms ABS. The read head contains the MTJ sensor 340 arranged between the 1st shield layer SI and the 2nd 
shield layer S2. The insulating gap layer Gl is arranged in the field distant from the MTJ sensor between the 1st shield 
layer SI and the 2nd shield layer S2. The write head contains the coil layer C and the insulating layer IN2, the coil layer 
C and the insulating layer IN2 are arranged between the insulating layer INI and the insulating layer IN3, and the 
insulating layer INI and the insulating layer IN3 are arranged between the 1st pole piece PI and the 2nd pole piece P2. 
Between the 1st pole piece PI and the 2nd pole piece P2, the gap layer G2 which gives a gap write-in [ magnetic ] to the 
place of those pole points that adjoined ABS is arranged. The joint read / write head 321 shown in drawing 5 are "merge 
(merged)" arm heads for which the 2nd shield layer S2 of the read head is used as the 1st pole piece PI for the write 
heads. 

[0027] Drawing of the air bearing side (ABS) of the MTJ sensor 400 by the desirable operation gestalt of this invention 
is shown in drawing 6 . The MTJ sensor 400 includes the edge fields 464 and 466 mutually separated by the central field 
462. The active region of the MTJ sensor 400 is the MTJ sensor stripe 403 formed in the central field 462. the MTJ 
sensor stripe 403 has the two side edge sections 407 and 408 which counter, and the trailing-edge section (not shown) 
which counters the first transition section 491 of ABS — it has a rectangle configuration generally. The MTJ sensor 
stripe 403 contains the tunnel barrier layer 415 arranged between the 1st electrode 404, the 2nd electrode 402 and the 1st 
electrode 404, and the 2nd electrode 402. The 1 st electrode 404 contains the pinning layer 420, the AFM layer 430, and 
the seed layer 440, the pinning layer 420 is arranged between the tunnel barrier layer 415 and the AFM layer 430, and 
the AFM layer 430 is arranged between the pinning layer 420 and the seed layer 440. The 2nd electrode 402 contains 
the free layer 410 and the cap layer 405, and the free layer 410 is arranged between the tunnel barrier layer 415 and the 
cap layer 405. 

[0028] Switched connection of the AFM layer 430 is carried out to the pinning layer 420, and it gives the exchange 
magnetic field which fixes the magnetization direction of the right-angled pinning layer 420 to ABS. Orientation of the 
magnetization of the free layer 410 is carried out in parallel to ABS, and when a signal magnetic field exists, it can be 
rotated freely. 

[0029] With the desirable operation gestalt of this invention, the MTJ sensor stripe 403 is formed in the central field 462 
on the 1st shield (SI) 460. The 1st shield 460 is the layer of soft ferromagnetism materials, such as nickel-Fe 
(permalloy) or aluminum-Fe-Si (Sendust), is prolonged on the central field 462, the edge field 464, and 466, and carries 
out magnetic shielding of the MTJ sensor from stray magnetic field. The inside of the edge field 464 and 466, and 
behind the trailing-edge section of the MTJ sensor stripe 403, the insulating layer 450 of electrical insulation materials, 
such as aluminum 203, is formed. In the central field 462 on 464 in the edge field on an insulating layer 450, 466, and 
the MTJ sensor stripe 403, the 2nd shield (S2) 461 of soft ferromagnetism materials, such as nickel-Fe or aluminum-Fe- 
Si, is formed. 

[0030] The cross section of the right-angled MTJ sensor 400 is shown in drawing 7 to ABS. The MTJ sensor stripe 403 
has the first transition section 491 at the place of ABS, and the first transition section 491 is prolonged to the trailing- 
edge section 492 demarcated by the trailing-edge section of the tunnel barrier layer 415 from ABS. Since the AFM layer 
in the MTJ sensor of this invention is formed from an electrical insulation material, it is necessary to give the path for 
detection current bypassing the AFM layer 430 and flowing in the right-angled direction to the tunnel barrier layer 415. 
A path for detection current to flow carries out pattern formation of the AFM layer 430, leaves and demarcates the AFM 
trailing-edge section 494 from ABS to remarkable rather than the trailing-edge section 492 of a MTJ sensor stripe, and 
is formed by separating and subsequently to the AFM layer 430 and exposed region top of the 1st shield 460, making 
the ferromagnetic pinning layer 420 adhere from ABS fbrther rather than the AFM trailing-edge section 494. Although 
the AFM trailing-edge section 494 can carry out pattern formation so that it may enter within limits which separated 10- 
50 micrometers from ABS, only about 0.5 micrometers of MTJ sensor stripe trailing-edge sections 492 are not separated 
from ABS. This structure gives a path for detection current Is to go into the plane of the pinning layer 420 from the 1st 
shield 460, flow along with it, cross the tunnel barrier layer 415 and the free layer 410, and even for the 2nd shield 461 
flow. The insulating layer 450 made to adhere to the point of the MTJ sensor stripe trailing-edge section 492 on the 
pinning layer 420 prevents carrying out electric insulation of the 1st shield 460 and 2nd shield 461, and detection 
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current carrying out splitting to the surroundings of the MTJ sensor stripe 403. Since detection current flows the inside 
of the plane of the pinning layer 420, if the magnetic field is used, the stable magnetic condition in the free layer 410 
can be attained. 

[0031] If drawing 6 is referred to again, the 1st shield 460 and 2nd shield 461 will give electrical connection for 
detection current Is to flow from a current source 470 even to the MTJ sensor stripe 403. The signal detecter 480 
electrically connected to shields 460 and 461 detects change of resistance resulting from change produced in the free 
layer 410 by the external magnetic field (for example, magnetic field produced by the data bit memorized on the disk). 
An external magnetic field serves to rotate the magnetization direction of the free layer 410 to the magnetization 
direction of the pinning layer 420 preferably fixed to the right angle to ABS. As for a signal detecter 480, it is desirable 
that the record channel of other types good [ digital storage channels, such as a partial response maximum ** (PRML) 
channel known by this contractor, and / a peak detection channel or the maximum ** channel ] and known is included. 
The signal detecter 480 includes other support circuits, such as a preamplifier (electrically arranged between a sensor 
and a channel) for adjusting detected resistance change which is known by this contractor again. 
[0032] The MTJ sensor 400 can manufacture the multilayer structure shown in drawing 6 and drawing 7 by the 
magnetron sputtering or the ion beam sputtering system made to adhere one by one. The 1st shield (SI) 460 of nickel-Fe 
(permalloy) which has the thickness of about 5000-10000A is made to adhere on a substrate 401. In order that the seed 
layer 440, the AFM layer 430, the pinning layer 420, the tunnel barrier layer 415, the free layer 410, and the cap layer 
405 may carry out orientation of the stratification easy shafts of all the ferromagnetic layer, they are made to adhere one 
by one on the 1st shield 460 under existence of the lengthwise direction of about 40 Oe(s) or a longitudinal direction 
magnetic field. The seed layer 440 is a layer made to adhere in order to change the consecutive crystallographic texture 
or consecutive grain size number of a layer, and has that it is not required, either depending on the material of a 
consecutive layer. When using a seed layer, it can form from the tantalum (Ta) which has the thickness of about 30- 
50A, a zirconium (Zr), ferronickel (nickel-Fe), or aluminum 203. The AFM layer 430 formed from NiO which has the 
thickness of about 100-400A is made to adhere on the seed layer 440 by carrying out the spatter of the nickel target 
under existence of the reactant gas containing oxygen. Pattern formation of the AFM layer 430 is carried out by 
demarcating the AFM trailing-edge section 494 by the photolithography. The ferromagnetic pinning layer 420 is made 
to adhere on the field of the 1st shield 460 exposed by the pattern formation of the AFM layer 430 top and the AFM 
trailing-edge section 494. The pinning layer 420 can be formed from the interface layer of Co which has the thickness of 
about 5A made to adhere on the sub layer of nickel-Fe which can form from nickel-Fe which has the thickness of about 
20-50A, or has the thickness which is about 20-50A, and a nickel-Fe sub layer. The tunnel barrier layer 415 is formed 
from aluminum 203 by adhering and subsequently carrying out plasma oxidation of the 8-20A aluminum (aluminum) 
layer on the pinning layer 420. The ferromagnetic free layer 410 can be formed from the sub layer of nickel-Fe which 
has the thickness of about 20-50A made to adhere on the interface layer of Co which has the thickness of about 5 A 
which could form from nickel-Fe which has the thickness of about 20-50A, or was made to adhere on the tunnel barrier 
layer 415, and Co interface layer. The cap layer 405 formed from Ta which has the thickness of about 50A is made to 
adhere on the free layer 410. On the cap layer 405, a photoresist can be made to be able to adhere, the photolithography 
method and the ion milling method which this technical field is sufficient as and are learned can be used, and the 
trailing-edge section 492 and the central field 462 of the MTJ sensor stripe 403 can be demarcated. 
[0033] An insulating layer 450 can be adhered in the edge field 464 in the field behind the MTJ stripe trailing-edge 
section 492 on the portion which the pinning layer 420 exposed here, and on the 1st shield (SI) 460, and 466. An 
insulating layer 450 is formed from aluminum 203 by adhering and subsequently carrying out plasma oxidation of the 
aluminum (aluminum) layer which has thickness almost equal in the total thickness of a MTJ sensor barrier layer in the 
central field 462. Subsequently, the photoresist which protects the MTJ sensor stripe 403 is removed, and it is made to 
adhere on the MTJ sensor stripe 403 which exposed the 2nd shield 461 of nickel-Fe (permalloy) which has the thickness 
of about 5000- 1 0000A, and an insulating layer 450. 

[0034] The 2nd shield 461 contacts the 2nd electrode 402 electrically. The free ferromagnetism layer 410 is separated 
from the 2nd shield 461 by the thin cap layer 405, in order to destroy the magnetic coupling of the free layer 410 and the 
2nd shield 461. 

[0035] Drawing of ABS of the MTJ sensor 500 by other operation gestalten of this invention is shown in drawing 8 . 
The only difference with the operation gestalt shown in this operation gestalt, drawing 6 , and drawing 7 is that the seed 
layer 440 and the AFM layer 430 are prolonged in the edge field 464 on the 1st shield (SI) 460, 466, and the central 
field 462. Since the AFM layer 430 is manufactured from electric insulation AFM materials, such as NiO, the edge field 
464 and the AFM layer 430 in 466 insulate electrically the 1st shield (SI) 460 and 2nd shield (S2) 461, and prevent the 
electric short circuit of SI and S2 with an insulating layer 450. The method of contacting the pinning layer 420 
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electrically to the 1st shield (SI) 460, in order to give the structure and the detection current path of the trailing-edge 
section of a MTJ sensor is the same as what is shown in drawing 7 about a desirable operation gestalt, or can be made 
into the structure and the method of electric contact which are shown in drawing 9 . 

[0036] The cross section of the right-angled MTJ sensor 510 is shown in drawing 9 to ABS by other operation gestalten 
of this invention. With this operation gestalt, on the 1st shield (SI), the seed layer 440 and the AFM layer 430 which 
were made to adhere on the 1st shield (SI) separate from ABS, and are prolonged. Since the AFM layer 430 is formed 
from the electrical insulation material, it is necessary to give the path for detection current Is bypassing the AFM layer 
430, and flowing in the right-angled direction to the tunnel barrier layer 415. A path for detection current to flow is 
created by forming a opening (Bahia) 496 into the AFM layer 430, before adhering the pinning layer 420 on the AFM 
layer 430. The method which this technical field is sufficient as and is learned is used for Bahia 496, and it is further left 
and formed from ABS rather than the MTJ sensor stripe trailing-edge section 492 in the field of the AFM layer 430. The 
pinning layer 420 is made to adhere on the field of the 1st shield (SI) 460 exposed by Bahia 496 on the AFM layer 430 
and into the AFM layer 430. The pinning layer 420 gives the path for contacting the 1st shield (SI) 460 electrically 
through Bahia 496, and detection current Is entering in the plane of a pinning layer from the 1st shield (SI) 460, flowing 
along with it, crossing the tunnel barrier layer 415 and the free layer 410, and resulting in the 2nd shield (S2) 461. The 
insulating layer 450 made to adhere to the point of the MTJ stripe trailing-edge section 492 on the pinning layer 420 
insulates electrically the 1st shield (SI) 460 and 2nd shield (S2) 461, and prevents detection current carrying out 
splitting to the surroundings of the MTJ sensor stripe 403. 

[0037] In order to manufacture the MTJ sensor 400 by this invention as an exception method, the AFM layer 430 can 
also be created from alpha-Fe 203 / NiO double layer. 

[0038] As a conclusion, the following matters are indicated about the configuration of this invention. 
[0039] (1) A substrate and the 1st shield (SI) of the ferromagnetic material formed on the substrate, The two side edge 
sections which are formed on said 1st shield, have a rectangle configuration generally, and counter, It has the trailing- 
edge section and the first transition section. Namely, the antiferromagnetism (AFM) layer of an electric insulation 
antiferromagnetism material, The pinning layer of the ferromagnetic material which contacts said AFM layer and 
contacts said 1st shield electrically, The magnetic tunnel junction (MTJ) sensor stripe containing the free layer of a 
ferromagnetic material, and the tunnel junction layer of the electrical insulation material arranged between said pinning 
layers and said free layers, The 2nd shield (S2) of the ferromagnetic material which is formed on said MTJ sensor stripe 
and contacts it, The side in which said MTJ sensor stripe on the 1st shield counters, And a magnetic tunnel junction 
(MTJ) sensor equipped with the insulating layer which is formed in the point of the trailing-edge section of said MTJ 
sensor stripe on said pinning layer, and separates said the 1st shield and said pinning layer from said 2nd shield. 

(2) A MTJ sensor given in the above (1) by which said AFM layer is manufactured from NiO. 

(3) A MTJ sensor given in the above (1) by which said insulating layer is manufactured from aluminum 203. 

(4) A MTJ sensor given in the above (1) by which said 1st shield is manufactured from nickel-Fe. 

(5) A MTJ sensor given in the above (1) by which said 2nd shield is manufactured from nickel-Fe. 

(6) A signal detecter, the current source which supplies detection current, and the 1st electrical connection which 
connects said 1st shield to a current source and a signal detecter, It has further the 2nd electrical connection which 
connects said 2nd shield to a current source and a signal detecter. The electric lead which detects the electric resistance 
over the detection current to which said 1st and 2nd shields flow the inside of a tunnel barrier layer and a free layer 
perpendicularly is offered. A MTJ sensor given in the above (1) which has it barred that the flow of said detection 
current carries out splitting to the surroundings of said MTJ sensor stripe by said insulating layer. 

(7) A MTJ sensor given in the above (1) by which said AFM layer is manufactured from alpha-Fe 203/NiO. 

It is the magnetic tunnel junction (MTJ) sensor which detects the data magnetically recorded on the magnetic-recording 
disk and said magnetic-recording disk. (8) A substrate, It is formed on the 1st shield (SI) of the ferromagnetic material 
formed on the substrate, and said 1st shield. Have a rectangular configuration generally and it has the two side edge 
sections which counter, i.e., the trailing-edge section, and the first transition section. TTie antiferromagnetism (AFM) 
layer of an electric insulation antiferromagnetism material and said AFM layer are contacted. The pinning layer of the 
ferromagnetic material which contacts said 1st shield electrically, the free layer of a ferromagnetic material, And the 
magnetic tunnel junction (MTJ) sensor stripe containing the tunnel junction layer of the electrical insulation material 
arranged between said pinning layers and said free layers, The 2nd shield (S2) of the ferromagnetic material which is 
formed on said MTJ sensor stripe and contacts it, The side in which said MTJ sensor stripe on the 1st shield counters, 
And the MTJ sensor containing the insulating layer which is formed in the point of the trailing-edge section of said MTJ 
sensor stripe on said pinning layer, and separates said the 1st shield and said pinning layer from said 2nd shield, The 
actuator to which said MTJ sensor is moved on a magnetic-recording disk so that the field to which the data with which 
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the MTJ sensor was magnetically recorded on the magnetic-recording disk differs can be accessed, A disk drive system 
equipped with the record channel which detects change of resistance of the MTJ sensor which was electrically combined 
with the MTJ sensor, answered the magnetic field from the data recorded magnetically, and was produced by rotation of 
the magnetization shaft of a free ferromagnetism layer over fixed magnetization of a pinning layer. 

(9) A disk drive system given in the above (8) by which said AFM layer is manufactured from NiO. 

(10) A disk drive system given in the above (8) by which said insulating layer is manufactured from aluminum 203. 

(1 1) A disk drive system given in the above (8) by which said 1st shield is manufactured from nickel-Fe. 

(12) A disk drive system given in the above (8) by which said 2nd shield is manufactured from nickel-Fe. 

(13) A signal detecter, the current source which supplies detection current, and the 1st electrical connection which 
connects said 1st shield to a current source and a signal detecter, It has further the 2nd electrical connection which 
connects said 2nd shield to a current source and a signal detecter. The electric lead which detects the electric resistance 
over the detection current to which said 1st and 2nd shields flow the inside of a tunnel barrier layer and a free layer 
perpendicularly is offered. A disk drive system given in the above (8) which has it barred that the flow of said detection 
current carries out splitting to the surroundings of said MTJ sensor stripe by said insulating layer. 

(14) A disk drive system given in the above (8) by which said AFM layer is manufactured from alpha-Fe 203/NiO. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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40 ttfflsns a f MiiiS««igttt*5ot?s -tv-y-- 

^\<DttJn«isffliiBS^x.&nSo mt j ^v-y-eoassas® 

FOHO F V*;l/ • /^y 7!0^t> d ^jsfi-rs©*!© 

<% 

[0 0 19] OT'DfflTIi, [5lC^fcti^^p n B ^ 
so [0 0 2 0] 



I 
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&(DmtE^KZft2>m»<Dmm&MX*$>&o commit 

[0 0 2 1 ] ^^04*5<J;r/ig5^:#P§'r^)^^ *»M 

04:fc£tf0 5lc^r<fc5U:s l -^^lol^pr 

t£^TVx^3 l 2#xtf v F;i/3 i 4±ic^2 
*u rVX^ . F^:/-^e— £3 l 8fc:J;oT[Eji&r 

s Q &Tjx?±o)Mmmmm±y*jx*3 i 2±<o 

[0 0 2 2] 1 0(DX7^^3 1 3^-r^X 

^3 1 2±lCffi@LT:Jo'K £-X^^3 1 3ii lOl 
fct*«3£^MM^/«&^N^ H3 2 1 ^5j$LT 
^F321 ti^^OMT J -tyir^ia^A, 
TVl)o 7^X^tf[I]i&rS£, X7>f^3 1 3&7V 
X^g®3 2 2±^g^^ffi0^^tf^®KcSj^. ^ 

mc££>Vy F3 2 1 immoT-zmmztiT^z 

X^Y^3 1 3tm^>ay3 1 5 ^iotZ^f 
olX-^ • 7-2,3 1 9fcffiOWj-5nSo -9-X^>> 
3^31 5te-xVX^®3 2 2lcfcfLTX^>f $f 3 1 

X— £ • 7— A3 1 9fcfc7**-:rX— * 3 2 7 IC^Dtt 

tf^X • r3-T;l/ - -t-* (VCM) (DCH^So VC 

9 £ ^ TM?ti§€- * H^fi^c J;oT «H»3 ft 

So 

[0 0 2 3] T^X^fBlt^XxA^afW. -rVX^ 
3 1 2£>HHEl<:cJ;?K X^-f 2*3 1 3 K 3 2 1 ^ 

t^/)OfVX^ 3 1 2<0^ffiiC*fl6j-rSX-7>r^3 1 

3©gffi%2^7yv^li (ABS) £wf.50 £X^ 
>f^C±[^t0^^fc^l*»x.§f^X^^ffi3 2 

*fl8U X^^3 l 3*a*»tt*^<S<r\ 

±— ^^raPHT*^x^*ffi7b>e»^-r?bHc±73^s:«fT 

S 0 

[0 0 2 4] x-f X*fS«^>X-rAO«4rft«|«H* 
tt. 7^tXWfl^«^P7^f§^if, fM 
13 2 9U:J:oT^c«ti^#JflJ«*c«fc-3Ti6ff+te: 

flaws fts 0 — nwc* »w*«3 2 9tt»awwiaB. 

M»SsH3 2 9(i, i3 2 3±^ig»^-*fflffiJff^ 
^ ^3 2 8±<CK\y Keii^^^t/v'-^SJIi^ 



(5) WHS 2 0 0 0- 1 05 9 1 2 



£/ST5 0 &S3 2 8±OSJ»li^ti. X^Y^3 1 3£: 
•xVX^ 3 1 2±^3ff<Dr-^' F^y 2^\iiSk:»J 

So 

[0 0 2 5] «*W^K^x^x^fHti->X'rAC>±i2 

<Dfc-rff»i,\> ^x^fBtS^XxAti^^x^X^ 
10 fc^tfrr^ax— #*^t?Cfc*-e*. ^T^t^x 
- * lit, >< -ofr<D x 5 S c £ S c 

[0 0 2 6] B5lc, MTJiffiO^^yFffil^tfK 

i&ft'Ny F 3 2 1 (om&vmm^mTo F3 2 n± 

<7»—/l/F/iS 1 ^2 0'>-;l/KlS 2 0RBICBEB;* 
ftfcMT J -tyf-3 4 0£r&A/^S o ;l/ K 

®S 1 ^^2^^-;l/KiS 2<DRr?MT J -feVitfrS 

20 «nfc«a«rt^ti*6»^r^ v?mc 1 tfEBsnr^ 
s Q «ii*^N-y ma^frmctmmm 1 n 2 ^^a> 

T^ot), 3>f;WCi«iilN2(4WIMlNikJfl 
SUB I N 3<DRBfc:BEH£ftT:l3?>. S&llfUl I N 1 £*g» 

m 1 N3«si osm-p 1 ^^2<d@>vp 2(omcmm 
«&»*^y^»^**^y^»G 2j^Eisnr^ 

So H5»c^nSS'&Kffit)/«ii*^Ny F3 2 1 
ti. K0^2^>-;l/KlS 2tff5i^^ 

30 F/BOSS 1 <Dj§£f P 1 t LTttfflStLTV^S rflf-& (me 
rged) J KTSSo 

[0 0 2 7] H6lC. *5SW<0»Sb(/^SfiJgSIJCctS 
M T J -tr V -9" 4 0 0 ©2^7 V y ^ffi (ABS) <om 
%7jkiT 0 MT J 0 0fcJ\ fp*ffl«4 6 2JC<fco 

TS^fc#«2ftfca^SB«4 6 4*5<£tf4 6 6^ 
T't^o MT J b>tM 0 0©^««t4**««4 6 
2rtlcflgj£Sft;fcMT J bV*9- • Xh^7 , 4 0 3 7* 
So MT J Xh^^7 P 4 0 3«. »IrI«2 0 

Offll^SP 407, 4 0 8 £ A B S <DM3tSP 4 9 1 lC*f|S| 

§tSo MT J -trVt • Xh7^^4 0 3&SI1 

4 0 4 N ^2^tt®4 0 2. ^ff»10ta4 0 4 t 

m2(omM4 o 2 0MK:BI?nft F>*;l/ • /*V7M 
4 1 5«rS"/uTl^ 0 1 <onM4 0 4titf 4 
2 0, AFM14 30feJ;O^-Fi4 4 0^T^ 
D> tf>ib46S4 2 Oti h^;l/ • /^J7I4 1 5 t A 
FM14 3 O^P^tCiHB^nT*5 0, AFM/l4 3 0ti 

tf>iha6®4 2 0i:->— FJ14 4 oor^tc@BB^nri> 

So 3!2£)tt®4 0 2iiiS®4 1 Oft&Zf*^ V^M 
so 4 0 5 «r-&/uT4o t) x S*J14 1 0l± F • A'J7 
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S4 1 5 t*^v?m 4 0 SOH^EasnT^So 

[0 0 2 8] A FMl 4 3 0 tf XLt&S 4 2 0 lc£& 
3£^2n, A B Stc^LTtt:^*^>lha6S4 2 O^K 

fbttABSteWLTWteiaftu e^aif^fiFft-rs 

[0 0 2 9] *«WO»Sbt^jaWl«'(?^ MTJ-b 
* Xh7^y4 0 3l*m\ O^— ;l/K (SI) 4 6 
0±O**««4 6 2rtfcJg«StlSo SglOv— ;I/K 
4 6 0&. Ni-Fe (;WD>f) N &SWiA 1 - 
F e - S i (-feV^X h) ^^(DMttWOlT^ 
t)> 4'*ffi«4 6 2^3<fctf«SSSB«g«4 6 4^tf4 6 6 

So C8P®«4 6 4^3<fct54 6 6rt^oJ:tfMT 
•Xh7^74 0 3<D^j»SPO»^»C«A 1 2 0 3 &£<D 
l^i^^*6ii4 5 OtfJg/KSftSo »ii4 5 
0±©Cffi®«P*3 4 6 4*5<fclf4 6 6±. WlfMTJ 
•fe^it - Xh7^y4 0 3±^Affli*4 6 2rtlCteN 
i-Fe, 'fcSlHiA 1 - F e-S 
M2©'>- 7l/K (S2) 4 6 1 «^n^ 0 
[0 0 3 0] 07ICA B SlC*fLTttft&MT J 
4OOOSfffi0%*to MT J -feV-y- • X F^T^ 0 
3t±A B Sc££<lSlcfu£i£H$4 9 1 ftMSSM 9 

1 teA B SfrZ hy*;l/«;^J7!4 l SO^SSPtcj: 
^THS2*lS«l§aU 9 2 *-C5Bt5So *5SH©MT 

T\ mtmffitfA FM14 3 O^U/Ulthy^l/ 

ti. AFMf4 3 0^^-yMLT, A F M^JgffiP 
4 9 4^MT J -fe>"9- • Xh^^yo^SlS4 9 2 <fc \) 

t?Viha6S4 2 0^A F Mjg 4 3 0±*5<fcTJ^l 
;l/K4 6 0O»aHWl±fcA FM&S8B4 9 4J;H? 

£k:a b s^^Ktnr^^-^Sci^^^^T^^n 

So A FMfS^0P4 9 4fc*A B SfrZ 1 0 — 5 0^Y^ 
a ^ - h ;l/(Ktifc(BI8I WcAS^lc/^- vfKflcT € 
Stf. MTJ-b^^h7^g»»4 9 2liABS 

Efifi&x «30W«I.W»1 <D~>— JI/F4 6 0^e>hf> 
ihfeiB4 2 OOTBB^At). -?-tiJc?&oTSRn, 
;l/ • /^;7I4 1 5*5£tfaf£Ji4 1 0*«BrLT»2 
;l/F4 6 1 £T*^nSfc#OMK^#X-S<> tfv 
±&bl3 4 2 0±<QMT J -bVlf • X h^-f y^»SP4 9 

2 OifeteW»S*fettWi 4 5 0^ ^1 OS/— ;l/ K 4 
6 0^2©^;VK4 6 l 

WMT J -feyiJ- • X h"7474 0 3©$*>DlC#ifirr 
S<0*B5<% «aJ«8Stitf>'±A6M4 2 0WSrt« 

nsox\ ^©issffiffltnif Sii4 1 ort<o$s 
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[0031] nume^mf^>t, sio^-;VK4 

6 0t5<fctfS2©^;l/F4 6ni, «333«ijffils^« 
8K85U 7 O^MTJ-bVU- • Xh7^^4 0 3ST« 
ft5fc»©«£l&*g*#A5o ^>-;l/K4 6 0 43<J;t/4 
6 1 (c«*«k:»«*tife«^«ffi»4 8 o«\ j^SBK 

^ (m^-r^x^±^te«^nfc7 ? -^ • tr ^ mc* 

SbtffSK tittle B^ftfclf XlL#>/I4 2 0£> 
10 «ffc&fifc:#LT&EWi4 1 0(DM{k?jfa?t^~$&Z> 
M%tt-?%o «#tttH»4 8 0fci:. SJWfcttStlT^ 
SSP^iKS** (PRML) ^^/l/fc^T^^fB 

[0 0 3 2] MT J ^>1t4 O Ott. H6^3 <J:tfH 7 
20 fxSnS^UffiiSIIS^tfiftS^Sv^* hay - x 

i/Xr^T«t § C ^ t So 8500 0-1 00 
0 0AOS?^«Ni-Fe eDlgl 

(Oi/-;l/K (S 1) 4 6 0tiSfi4 0l±W4S^t 
So ->-Fl4 4 0, AFM14 3 0, tf>±i6B4 2 
0. hy^-My7i4 1 5. g*®4 1 0. ^ocfctf 
^7^14 0 5 14, -r^T03ft«tt*<0»ffcSSW* 
ElftS*S^»Jc«4 OOeO«&J[RlSrctt«*lRiai» 
OSftTtS 1 JI/F4 6 0±tCjll^tC{^^^ 

so So FJB4 4 Ofc*. «SE©M©fiffi^W3Ba*^:l4 

;l/ (T a) , (Z r) . ~v*rMSi (N i 

-Fe) , STcltA 1 zOs^SMtSCil^fSo 
81 0 0 — 4 0 0 AOf^^ft^N i oa*ejgj«sfi 
/cAFMl4 3 0t±, »S«r-&t?S^^rx<D#ftTT— 

' l4 4 0±^f^ o AFMI4 30^ y*hV 
40 y^77-Y(cl £ J;oTA FM&SSM 9 4^tB^*rSCi: 

iaot/^-yM?Mo »«ttifvit«)Ji4 20 

A FMI4 3 0±*3«fct/A FMil»gf!4 9 4<0A^ 
— VjgjSfcioTItmUfelBl F 4 6 0£Otgig 

±lC{t9^^So tfVih«)Ji4 2 Oti. 82 0 — 5 0a 
<0jP2Sr*trSN i -F e*p6Jg«-r*Ci:a(«T*, * 
SW£82 0 — 5 0 AOf^^ttSN i -F eO^^ 

s*5j;t;N i -f ey-7m±icttmz&rcm5 A<omz 

f§ 0 hy^l/'^'J7i4 1 5ti, tfXLhtf)Ji4 2 0 
so ±^C8-2 0 A07/R^^A (Al) ^ 



(7) 
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^n^>o ^ttg*«4 1 ^2 0~5 0A<D/P2 

-Xg±lCfa3»2^fc392 0-5 0 AOJP^fcWfSN 

1 -F e<Dy-7lBfr ZCttfiT'ZZo 1550a 

<djps **rr s t a fr&jei&iEMt*~* v ?m 4 o 5 a 

1414 1 0±^f^f*5o 4^^7714 0 5±fclte 

Si^fflLt^ MTJtViJ-*Xb7>f74 0 3O«» 
SP4 9 2^5cJ:D : ^«l«4 6 2^rH^*TS<l^^T^ 

So 

[0 0 3 3] d<l^t?>iha6B4 2 0OSffiL^gi5^± 
<DMT J Xh^-ry^a5 4 9 2©&5©fig«rt*5j:tf 
^1£0^;1/K(S 1) 4 6 0±«IS4 6 4, 4 
6 6A(C»il4 5 0WftSCfc«€So *B*M 
4 5 0li, ^*fBi8c4 6 2rt^CMT J-feV9*}£tt«<D^ 
JS^Jc^tlH/W^^-rST/l/^-^A (A 1) 1 
*tt»U ^77XVM?^^Ci:JaoTA 1 

2 03^6}gJ58^tlSo MT J t • Xh7^ 
y4 0 3^i«7^M/^Xh»SU 155 0 0 
0—1 0 0 0 0 aOS^W1"5N i - F e (/*— "^n 
-O Of2©^-;l/K4 6 1 *BffiLfc:MT J • 
Xh7^y4 0 3±^£m&iUl4 5 0±^#»^^r 

So 

[0 0 3 4] g2 0'>-;l/F4 6 1 t£g!2<7D®ffi4 0 2 
tcmMSM-r^o £E&3£fl£1£/f 4 1 ott. S4/S4 l 0 
i:S2 0i/-;l/F4 6 l £ o«5ttg-&*a»a'r ZTztblc 
^^^^14 0 5tCcJ;oT^2fD->— ;VF4 6 1 

[00 35] ^8 JC*«WOflfi<D*SfiJg«llC ct^MTJ 
•ty^5 0 0OABS©H^t o <1O*SS^1I^06 

KM 4 4 0feJ;(fAFMl4 3 0^1O^>- 71/ F (S 
1) 4 6 0 ±<D«88P«B« 4 6 4^<tt5 4 6 6^f,mc 
**fS«4 6 2rtlcStfT^SC£T*5o A F MJ1 4 

3 OtiN i 0&HO»SCK5»A FMtt»^e>Sii^nS 
OT, 0^4 6 4, 4 6 6rtOAFMl4 30^ 

1 <7»— ;l/F (S 1 ) 4 6 0^2^>-;l'K (S2) 

4 6 i t^m^mcmBL, mmm 4 5 0 1 1 s 1 

£ S 2 i:cD«^&5®3fS«:BS<% MT J -fe vtfO^^O 
<HSfi, 4oJ:^am^gg^^S/c^^bf>'ihi6®4 

2 0^1(O^~;l/H (SO 4 6 oic«»Jg«n*#S 

[00 36] ^9 lC*L$ffl<Dt&<DnffiBmc& SABS 
tc^bTiS^^MT J *fe>*9*5 1 OOBfM^-To CO 
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SiOS/-;l/F (S l) ±tcf«?^/c 
->-F®4 4 0*5cfctf A F MB 4 3 0 \±1& 1 <D F 

(51) itABS^^intgtfSo A F MS 4 3 0 

A FM/f 4 3 0 4;U/ULThy*;l/ • ^V7l4 

mtfi$>2>o mammfiffi.ti&rc*b(Dmm±, afm«4 

3 0±tCkf>±a6B4 2 O^ttS-rStulCA FM14 3 

10 ;W74 96& aate»»-ej;<to&nT 

l^^ffflbt> AFMI4 3 0OIHJWCMTJ 
ir>^ • Xb7^ T/gMBSM 9 2<fc?> fc;£5U:A B Sfr 

?>ginTjg^:^nSo tfv±a6®4 2 o&a fm14 3 

0±«efcffAFMi4 3 0*DU7 4 9 6*C<£oTII 
HJLft*10S/-;VK (SI) 4 6 0<Dffi«±fcf*«S 
tt 0 £X±#>/l4 2 Ofct^-fTM 9 6^LT^1 £> 
v"-;l/F (SI) 4 6 0lClgiMU tftftlWftl.tf 
I10'>-;l/K (SI) 4 6 Ofr&fc? V±A6@0¥Srt 

icAt). *ntc?B^T8Stix h^;l/-Mi;7l4 l 5 

20 ^a'g4l4 1 0 ««K LTS 2 O F (S2) 

4 6 ncM£;fc»<Dl8B&*^£o tf>Mfc«>JB4 2 0± 
<DMT J Xh^-C7mmffi4 9 2 0ftW«?tt«6i 
I4 5 0lt mi ;l/F (SI) 4 6 0 ^2©^> 
-;l/F (S 2) 4 6 1 fcfc^Wlc*6»S-t>\ ^ttSft 

[0 0 3 7] giJffifcLT. *Ma§MTJ-tytf4 
0 0^3gTSfc^6tCA FMI4 3 O^ra-F ezOa/ 
N i 0HnmfrZftf$ t *?2>£t tT*^So 
30 [0 0 3 8] ££*6£LT. *«WO«J«k:HbTW"F 

[0039] (i) tt*g£. »«±«c«j««nfca«tt 

*f 1 (Dzs-fr F (SI) tufH^l ?»-;l/F 

»K8l»tt»SOR»8tt (AFM) fufEAFMJi 
fcJSittU WEfBios/--;l/Fi:*^tt-ra3fil«ltt*r 

40 :/*7l/«^Ji«r&tflK» F (M T J ) -t^ 

•Xh7>f^, HUfBMT J -b^ • XF^7±lcjg 

jastu *nfc*«-rs3S«tt««o»2<o->-;i/F 

(52) U 0>>-;i/F±ofufEMT J -tvt • x 
F^^yoWfpj-TSffllffi. ^ScfctfHufEtfVita&JlitofJ 

ISMT J • XF^^yo^SPCD^C^^n. 

HufE^l OS/-;l/F^<fcT>*HufE^v±i6®^rHufBm2C) 

f* £#f§iir zmmm t *«* §i« f 

<& (MT J) -tyto 
(2) tufE A F Ml^N i OfrSSBSSn*. ±fE 
so (1) lcmm<OMT J ir>tfo 



(8) 
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(3) AfflEttMtfA l 2 03^&HJiSns. ±IB 

(I) &cfB«<DMT j-tevtfo 

(4) SufB^l ©>/-;l/FtfN i -F efr^W&Ztl 
±C ( 1 ) lcfBi8<0MT J Vlfo 

(5) ffliB*2<?)5/— Jl/F#N i -F e^SKifi^n 
±C (1) fcEW©MT J-teVtJ-o 

( 6 ) ft^mst> tta«w*«»t-s««aRt. tu 
tern i <Dzs-fr h**mmmi5&xfm*§tkmmcmw??% 

tffl3*l*cfctf»2©->— ;1/F#, h>*;l/-^y7i 

WOWnwtMBWIIWfcioTlWBMT J -fev* • x h 
^47<D*t>*)lc&ffir&<DZ:mife>tiZ. ±iB (l) 

(7) MfHA FMl^o- F ezOs/N i O^SlSt^f 
tlS> ±12 (D Jcfit©MTJ-feV^o 

(8) SSMfBilrVX^. tOKa^S-r^ X*±fc 

a» Wfcca « nfc -r- * *«ftrr aaahy* jufcd 20 

(MTJ) tyn^oT, »gt^ »«±k:jg«Sti 
fc3SnKtt»80»10S/-7l/K (SI) tuIBIglO 
$/— ;VF±K:JBjK;5*u «l/Tft*JB<OJgtt**U » 

tv mfmm&mti£ttm<DRmifti cafm) to 

IBAFMJifcSjttU IOE»10i/-7l/Kfc«^*ll'r 

tuf 2 tf vifc* » £ tut 2 S eM4>M tc@BS « nfc««tt 
Jttmo b >*;l/Sf^JB*^tyKa h JMfr& (M T 
J) iizsy- • Xh7^^, MIBMT J-fcVlt • Xh7 30 

F (S2) ^1 0'>-;l/K±0fjfBMT J^r 

®±Otuf2MT j x 

fufBJg 1 OS/— 71/ F*J;iaFlttlBif Vit»Ji*W 
IBS? 2 Ffr 6#lirr S«tfiUf £ £ra t?M Tj-t 

V9" 1: . M T J -fe >lt jWKSIIES'tV X * ±lcfi&§U$lc 
fB^^nfc^-^OS^^^^cZ^^X^^^ct^tc 
HuffiMT J *fe :/tf*«ftOE»x X * ±T»t7^ 
ix-^ x MT J -feV+J-icmmW^^n. SSM^J 40 

^^fii^S-rVX^ . F^-f 7 • v-Xt^Ao 

(9) Mt2A FMjftfN i OfrZmmZtlZ. ±12 
(8) IcfE*©^** • K7^7->m e 

(1 0) HufBJBJBW^A lz03^e»»iS5nS> ±fB 
(8) lcfB«OTVX* • F7^7->XrA 0 

(II) tOBIBl FffN i ~F e^6«il«n 

3. ±IB (8) tcfB^O^^X^ • F^-T7- v^Xf so 
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(1 2) tufBSf§2(DS/-;l/F#N i -F efr&SBtStl 
5, ±12 (8) fcifBttOrVX* • F^:7— >X^ 

(i 3) mmkmsgt, »mw&*m&rzmimt, 

SufBIg l <Ols-fr K*««ll*J:tf 
5® 1 fufBfg2 F*W5fcSi*5 <fc 

ffffll*«ffi»fc:lft«tr8» 2 Ofi^Jg^i:*;* Steffi 
SWE*l*cktf*2®S/— ;bF*^ h>iM/*^y 

xh7^y^st>^e^fit^ow^n§, ±ib 

(8) UHB«8<0-r-fX^ • F^-f^- ^fA c 
(1 4) fflCA FMJitf a-F ezOs/N i Ofr£>S!ig 
±!2 (8) tE«of-rX* • F^-f^-i ^x 

f Ao 

[01] t£*&figfiDS v-fey*©a»^7y>yffioH 
-ess ossr«— ^T**i>) o 

[0 3] fe«^oK*hv*;l^*>*offl«^T 

[04] IMHSf^X^ • F^-T^— >X7^AOffiBS 

[05] 5/— ;bFBBfc*Dil*«a*^y FteBW^T* 
MTJ MM v y F**f T 5KW»5&#/M T J S!BX D 

F©Sitwffiia"t?*s <»Rt±— jrcat^) • 
[0 6] h y^^^-fe 

[0 7] F >*;l/fi^&-fe >tf0^7 U 

[0 8] #5s»<d«« h ^v-(Dmcommm 

m<0^m^TV V^BOBT^S (tSR«-^T*a 

^) o 

[0 9] *5fflao«E« F v^;l/g^&-fe v^OfflO^Sajg 

CWWOWJH] 
400 MTJ-t^ 
4 0 2 ^2 <DfI 

404 mi (omm 

4 0 3 MT J -bVU- • Xh7^y 
405 

4 0 7 W^SP 

4 0 8 fiiJ^SP 
4 1 0 
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4 i 5 hy*)]/- /^;7i 

4 2 0 tfVlttf)/! 

4 3 0 A F Mil 

4 4 0 is— Kil 
4 5 0 

4 60 mi <oi/— ;l/K (SI) 

4 6 1 ^2C0^>-;^F (S 2) 
4 6 2 

4 6 4 *»SB« 

4 6 6 assist 



4 7 0 fflStai 

4 8 0 ft^ffltg 

4 9 l iuSiStf 

492 mmm 

4 9 4 A F M^ISP 

4 9 6 

5 1 |gi ?»-;l/F 
S2 Sff2<7»— ;l/F 
I s t££Ptt»t 




200 

321 
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